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Ethnopharmacological  relevance:  Hyptis  martiusii  (Lamiaceae),  popularly  known  as  “cidreira-do-mato”  or
“cidreira-brava”,  grows  in abundance  in the  Northeast  region  of Brazil,  where  its  leaves  are  traditionally
used  in  folk  medicine  in the  treatment  of  intestinal  and stomach  diseases.  The  aim  of  this  study  was  to
characterize  the  chemical  constituents  and  to evaluate  the  anti-ulcerogenic  activity  of  the  essential  oil
of  the  leaves  of  Hyptis  martiusii  (EOHM)  in  in  vivo models  of  experimental  ulcers  in  rodents.
Materials  and  methods:  EOHM  was  obtained  by  hydrodistillation  and  analyzed  by  gas
chromatography–mass  spectrometry  (GC–MS).  Acute  gastric  ulcer  was  induced  using  absolute
ethanol,  HCl/ethanol  and indomethacin.  The  volume,  pH  and  total  acidity  of  gastric  secretion  were
determined  by  the  pyloric  ligature  method  and  gastrointestinal  motility  using  gastric  emptying  and
intestinal  transit.
Results: Chemical  analysis  revealed  the  presence  of 24  components  that  account  for  92.13% of  the essential
oil of  dried  leaves,  indicating  the  occurrence  of  mono  and  sesquiterpenes.  Oral  administration  of  EOHM
(100,  200  and  400  mg/kg)  inhibited  ethanol-,  HCl/ethanol-  and  indomethacin-induced  ulcers.  In the  case
of pylorus  ligature,  the  oil reduced  the  volume  of  gastric  juices  and  total  acidity,  and  increased  gastric
pH.  The  EOHM  reduced  the  rate  of  gastric  emptying  with  only  the  highest  doses,  but did  not  show  any
effect on  intestinal  transit  at any  of the three  doses.
Conclusions: The  results  indicate  that  the  essential  oil  of  leaves  of  Hyptis  martiusii  has  an  antiulcerogenic
activity,  as  evidenced  by  its  signiﬁcant  inhibition  of  the  formation  of  ulcers  in various  models.  This  effect
could be  related  to  an  increase  of  gastric  mucosal  defensive  factors.  Further  pharmacological  studies  are
being undertaken  in  order  to  provide  more  precise  elucidation  of  the  action  mechanism  involved  in this
 
activity.
. Introduction
Peptic ulcers are lesions in the gastrointestinal tract that usu-
lly occur in the stomach and duodenum and are characterized
y mucosal damage resulting from the aggressive action of pepsin
nd gastric acid secretion. The disease affects millions of people
round the world and is considered a major cause of morbidity
nd mortality worldwide. In the United States alone, approximately
00,000 individuals develop peptic ulcers each year (Ramakrishnan
nd Salinas, 2007).
∗ Corresponding author at: Department of Physiology and Pharmacology, CCB,
niversity Federal of Pernambuco, Av. Prof. Moraes Rego, s/n, 50670-901 Cidade
niversitária, Recife, PE, Brazil. Tel.: +55 81 21268530; fax: +55 81 21268976.
E-mail address: almirgw@globo.com (A.G. Wanderley).
378-8741 © 2011 Elsevier Ireland Ltd. 
oi:10.1016/j.jep.2011.07.005
Open access under the Elsevier OA license. © 2011 Elsevier Ireland Ltd. 
It is currently known that a number of factors are involved
in the emergence of peptic ulcers, including Helicobacter pylori
infection, chronic use of nonsteroidal anti-inﬂammatory drug
(NSAID), the use of other drugs such as corticosteroids, bis-
phosphonates, anticoagulants and chemotherapy, gastric mucosa
ischemia, age, genetic factors, a lifestyle involving stress, alco-
hol abuse, or smoking, and dietary habits (Stewart and Ackroyd,
2008).
The treatment of peptic ulcers is usually based on inhibition of
gastric acid secretion using proton-pump inhibitors, H2-receptor
antagonists, and antimuscarinics, as well as acid-independent
therapy provided by antimicrobials against Helicobacter pylori,
sucralfate and bismuth (Bighetti et al., 2005). However, these
Open access under the Elsevier OA license.drugs are expensive and generate numerous adverse effects (such
as hypersensitivity, gynecomastia, impotence, arrhythmia and
hematopoietic changes), thereby limiting their usefulness (Santin
et al., 2010). It is thus important that studies be carried out to
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nvestigate potential antiulcerogenic herbs and their isolated com-
ounds as alternative ways of mitigating the aggressive effects of
lcers.
The genus Hyptis Jacq. (Lamiaceae) consists of more than 300
pecies considered of great economic importance due to the con-
ent of aromatic essential oil they present (Falcão and Menezes,
003). Various aromatic oils of different Hyptis species are used
n folk medicine as an alternative therapy, and some proper-
ies pharmacological of these oils have already been described,
uch as their activity antiulcerogenic (Lee et al., 1988), antisep-
ic (Pereda-Miranda et al., 1993), insecticide (Araújo et al., 2003),
ntibacterial (Souza et al., 2003), antifungal (De Oliveira et al., 2004)
nd antinociceptive (Menezes et al., 2007).
Hyptis martiusii Benth. is a small shrub that belongs to the Lami-
ceae family, commonly found in north, southeast and northeastern
razil (Almeida and Albuquerque, 2002), popularly known as
cidreira-do-mato” or “cidreira-brava”. According to an ethnophar-
acological survey, the parts of this plant used for medicinal
urposes are the leaves and roots. In the Northeast region of
razil, the leaves of Hyptis martiusii is used against intestinal and
tomach diseases (Agra et al., 2008). Antimicrobial, antitumoral,
ytotoxic and insecticidal activities were identiﬁed (Costa-Lotufo
t al., 2004; Costa et al., 2005; Araújo et al., 2006; Coutinho et al.,
008), although no antiulcerogenic activity of the essential oil this
pecies has been reported in the literature. The aim of the present
tudy was to evaluate the antiulcerogenic activity of the essential
il of the leaves of Hyptis martiusii.
. Material and methods
.1. Plant material and extraction of essential oil
Leaves of Hyptis martiusii Benth. (Lamiaceae) were colleted on
he Araripe Plateau, in Crato, in the Brazilian State of Ceará (S
◦21.744′–W 39◦28.691′). The entire plant was collected at the
owering stage, in June 2008 (three times) and 2009 (two times). A
oucher specimen was identiﬁed by Edson P. Nunes and deposited
n the Prisco Bezerra Herbarium, at the Federal University of Ceará’s
epartment of Biology, under registration no. 43038. The leaves
ere dried at room temperature for 72 h prior to hydrodistillation
nd the essential oil was extracted immediately after this process.
ive portions (700.0 ± 7.3 g) of the dried leaves were individually
ubjected to hydrodistillation using a Clevenger-type apparatus for
 h. The yield of the essential oil from dried leaves of Hyptis mar-
iusii was 1.30 ± 0.07% (w/w), which corresponds to 9.07 ± 0.53 g of
il, calculated according to the mean of dry weight of the leaves
sed in each extraction. The water/oil mixture was  collected, dried
ver anhydrous sodium sulfate and then ﬁltered. Essential oil was
tored in an amber bottle at −20 ◦C until the accomplishment of the
harmacological experiments and phytochemical analysis.
.2. Gas chromatography coupled to mass spectrometry analysis
Oil analysis was performed in a gas chromatographer coupled to
 mass spectrometer (GC–MS, SHIMADZU QP5050A) equipped with
 DB-5HT capillary column (30 m × 0.25 mm,  0.1 m ﬁlm thickness)
ith the following speciﬁcations: helium as carrier gas (1.0 mL/min
ow rate); injector temperature 270 ◦C and detector temperature
90 ◦C; linear velocity of 47.3 cm/s; pressure of 107.8 kPa; col-
mn temperature programmed from 60 ◦C (2 min) to 180 ◦C (1 min)
t 4 ◦C/min, then 180 to 260 ◦C at 10 ◦C/min (10 min). The mass
pectrometer was operated using 70 eV of ionization energy. Iden-
iﬁcation of individual constituents was based on the interpretation
f their mass spectral fragmentation using computer-based library
S  searches standards (Wiley 229), retention indices and compar-rmacology 137 (2011) 886– 892 887
ison with the mass spectral database and data from the literature
(Adams, 2001).
2.3. Animals
Male Wistar rats (250–300 g) obtained from the Federal Univer-
sity of Pernambuco’s Department of Physiology and Pharmacology
and Swiss mice (35–40 g) obtained from the Aggeu Magalhães
(CPqAM/Fiocruz/UFPE) Research Center, Pernambuco, Brazil, were
used. These were kept under standard environmental conditions
(12 h dark/light cycle) and temperature (22 ± 2 ◦C). Water and
industrialized dry food (Labina®, Purina, Brazil) were available
ad libitum.  All the experimental protocols were submitted to and
approved by the Animal Experimentation Ethics Committee of the
UFPE, under license no. 007764 in accordance with the National
Institute of Health Guide for the Care and Use of Laboratory Animals.
2.4. Acute toxicity
“Up and down” acute toxicity studies were performed on Swiss
mice of both sexes as described by OECD 420 (2001),  with slight
modiﬁcations. The animals were randomly divided into four groups
(n = 5/group/sex) and deprived of feed for 12 h with access to water
ad libitum. The treated groups received essential oil of Hyptis mar-
tiusii in a single oral dose of 5.0 g/kg and the control groups received
distilled water (10 mL/kg). The observations were performed at 30,
60, 120, 180 and 240 min  after the oral treatments and daily for 14
days. Behavioral changes, weight, consumption of food and water,
clinical signs of toxicity, and mortality were recorded daily (Malone,
1977).
2.5. Antiulcerogenic activity
2.5.1. Ethanol-induced gastric ulcer
After 16 h of fasting, the rats (n = 6/group) were orally pretreated
with the essential oil of Hyptis martiusii dissolved in a 1% Tween-80
aqueous solution (100, 200 and 400 mg/kg), a vehicle (1% Tween-80
aqueous solution) and pantoprazole (40 mg/kg), 1 h before admin-
istration of the ulcerogenic agent. Gastric lesions were induced
using ethanol (70%, 0.5 mL/100 g, p.o.) according to the method
described by Robert et al. (1979).  The animals were sacriﬁced using
thiopental (140 mg/kg, i.p.) 1 h after induction of gastric lesions.
Their stomachs were removed, by opening them along the greater
curvature, the contents removed and the stomach mucosa gen-
tly washed with saline (0.9%) and examined for quantiﬁcation of
lesions. The gastric lesion area was measured using planimetry
(mm2) in relation to the total area of the gastric corpus.
2.5.2. HCl/ethanol-induced ulcer
The experiment was performed according to the method devel-
oped by Mizui and Douteuchi (1983), with slight modiﬁcations.
After 24 h of fasting, the rats (n = 6/group) were orally pretreated
with the essential oil of Hyptis martiusii dissolved in 1% Tween-80
aqueous solution (100, 200 and 400 mg/kg), a vehicle (1% Tween-
80 aqueous solution) and pantoprazole (40 mg/kg). One hour after
treatment, all the animals received 0.3 M HCl/ethanol 60% solution
(1 mL/150 g, p.o.) orally to induce acute gastric lesions. The animals
were sacriﬁced 1 h after induction of gastric lesions, their stomachs
were removed and examined for quantiﬁcation of the lesions using
the parameters described above.
2.5.3. Indomethacin-induced gastric ulcer
After 16 h of fasting, the rats (n = 6/group) were orally treated
with the essential oil of Hyptis martiusii dissolved in a 1% Tween-80
aqueous solution (100, 200 and 400 mg/kg), a vehicle (1% Tween-
80 aqueous solution) and pantoprazole (40 mg/kg). Gastric lesions
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ere induced by subcutaneous administration of indomethacin
0 mg/kg, 30 min  after administration of treatment (Djahanguri,
969). The animals were sacriﬁced 6 h after indomethacin injec-
ion, their stomachs removed and inspected under magniﬁcation to
etermine the gastric lesions produced. The results were expressed
s lesions, ulcers and total index, which were obtained from scores
etermined by various alterations in the gastric mucosa, consid-
ring the color, edema and hemorrhage, loss of mucus, petechiae
r damage to the mucosa folds, and the number and size of necro-
emorrhagic lesions (Vela et al., 1997).
.5.4. Evaluation of gastric juice parameters – pyloric ligature
This assay used the method described by Visscher et al. (1954),
ith slight modiﬁcations. The animals were randomly divided into
ve groups (n = 6) and fasted for 16 h with free access to 5% glu-
ose solution. For pyloric ligature, the animals were anaesthetized
xylazine 6 mg/kg and ketamine 60 mg/kg, i.p), the abdomen was
pened and the pylorus ligated. Immediately after ligature, essen-
ial oil of Hyptis martiusii dissolved in 1% Tween-80 aqueous
olution (100, 200 and 400 mg/kg), a vehicle (1% Tween-80 aque-
us solution) and pantoprazole (40 mg/kg) were administered
ntraduodenally. Four hours later, the animals were sacriﬁced using
hiopental (140 mg/kg, i.p), their abdomens opened and their stom-
chs removed. The gastric secretion was collected and centrifuged
t 176 × g for 30 min. The ﬁnal volume (mL) was determined after
ashing the mucosal side of the stomach with 2 mL  of distilled
ater and pH values were measured using a digital pH meter. The
otal acidity of the gastric juices was determined by titrating it to
H 7.0 with 0.1 N NaOH using 2% phenolphthalein as indicator. The
otal concentration of acid was expressed as mequiv.[H+]/mL/4 h.
.6. Evaluation of gastrointestinal motility
.6.1. Gastric emptying
The experiment was carried out using the method described by
upta and Brans (1978),  with slight modiﬁcations. After 6 h of fast-
ng, the rats (n = 6/group) were orally pretreated with the essential
il of Hyptis martiusii dissolved in a 1% Tween-80 aqueous solution
100, 200 and 400 mg/kg) and a vehicle (1% Tween-80 aqueous solu-
ion) and subcutaneously with atropine (3 mg/kg), which was  used
s a positive control. After 1 h or 30 min  of the administration of the
Fig. 1. Chromatographic proﬁle of essential oil of leaves of Hyptis martrmacology 137 (2011) 886– 892
treatments, each animal received 1.5 mL  of phenol red (0.5 mg/mL)
orally. The zero time control group was  killed immediately after
the administration of the marker and the other groups were sac-
riﬁced 30 min  later. The stomachs were removed, opened along
the greater curvature and washed with 7 mL  of distilled water. The
stomach contents collected were centrifuged at 176 × g for 15 min.
After centrifugation, 1 mL  aliquots of supernatants were added to
1 mL  of 1 N NaOH and the absorbance of the solution read on a spec-
trophotometer at 560 nm.  The results were plotted on a standard
curve for phenol red and expressed as the concentration (g) of
dye retained in the stomach in relation the control group.
2.6.2. Intestinal transit
After removal of the stomach of the rats in the gastric emptying
model (Section 2.6.1), the small intestine was removed for the eval-
uation of intestinal transit. With the aid of a ruler, the total length
of the small intestine of each animal (distance between the region
gastropiloric to the ileocecal junction) and the distance traveled by
the phenol red (until the last portion of the intestine that contained
at least 1 cm continuous marker) were measured. The results were
expressed as a percentage of the distance traveled by the marker
in relation to the total length of the small intestine (Stickney and
Northup, 1959).
2.7. Statistical analysis
The results were expressed as mean ± standard error of mean
(S.E.M.). Differences between means were determined using one
way  analysis of variance (ANOVA) followed by Tukey’s multiple
comparison test. The analysis was performed using GraphPad Prism
5.0®. The level of signiﬁcance for rejection of the null hypothesis
was  set at 5% (p < 0.05).
3. Results
3.1. Chemical analysisThe chemical characterization of the essential oil using GC–MS
identiﬁed twenty-four components, accounting for 92.13% of the
total oil and indicated the occurrence of monoterpenes and
sesquiterpenes. Fig. 1 shows the chromatographic proﬁle of the
iusii using gas chromatography coupled to a mass spectrometer.
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Table 1
Chemical constituents of essential oil of leaves of Hyptis martiusii Benth.
Constituents Retention Time (min) (%)
-3-Carene 9.59 6.88
1,8-Cineole 10.65 7.01
Terpinolene 12.99 1.63
Camphor 16.35 2.66
trans-Caryophyllene 30.91 9.21
Aromadendrene 31.82 2.75
-Humulene 32.71 2.21
Germacrene D 34.05 3.83
Ledene 34.58 5.41
Bicyclogermacrene 34.84 10.60
Torreiol 35.83 2.66
-Cadinene 36.00 3.12
Valecene 36.81 1.57
-Guaiene 37.04 2.42
Isolongifol-8-ol 37.97 2.39
Spathulenol 38.81 1.93
Caryophyllene oxide 39.02 7.47
Globulol 39.20 2.16
Epiglobulol 39.61 2.34
Guaiol 39.85 3.35
10-Epi--eudesmol 41.54 1.36
-Eudesmol 42.83 3.71
Epoxi-aromadendrene 42.91 3.02
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Fig. 2. Gastroprotective effect of the essential oil of Hyptis martiusii (EOHM)  on
gastric lesions induced by ethanol 70% (A) and HCl/ethanol (B) in male Wistar
rats. The animals received orally a vehicle (C), pantoprazole, 40 mg/kg (P) and
EOHM, 1 h before administration of ulcerogenic agent. The results are expressed-Guaiene 43.41 2.44
Total 92.13
OHM. The major components identiﬁed were bicyclogerma-
rene (10.60%), trans-caryophyllene (9.21%), caryophyllene oxide
7.47%), 1,8-cineole (7.01%), -3-carene (6.88%) and ledene (5.41%).
able 1 shows the constituents identiﬁed, the percentage compo-
ition and retention index (RI).
.2. Acute toxicity
It was observed that the essential oil of leaves of Hyptis martiusii
5.0 g/kg, v.o.) induced depression of the central nervous system
sedation) in mice of both sexes during the ﬁrst 30 min  and for a
eriod of up to 4 h after administration. However, it produced no
igns of acute toxicity or death in the treated animals. No signiﬁcant
hanges in intake of food and water or body weight were observed
uring the 14 days of observation (data not shown). The LD50 could
ot therefore be estimated and it is possibly higher than 5.0 g/kg.
.3. Antiulcerogenic activity
.3.1. Ethanol-induced gastric ulcer
Administration of the essential oil of Hyptis martiusii inhibited
he formation of ulcerative lesions induced by absolute ethanol.
he percentage of ulcer inhibition was 47.1, 71.9 and 91.5% in ani-
als pretreated with EOHM at doses of 100, 200 and 400 mg/kg,
espectively, compared to the control group (332.5 ± 51.4 mm2).
he animals that received pantoprazole (40 mg/kg, p.o.) presented
n inhibition of the lesions corresponding to 71.8% (Fig. 2A). In order
o rule out the possibility that the protective effect of EOHM mucosa
epends on local action, i.e. direct contact of the oil with the mucosa
orming a protective barrier to the action of ethanol, the oil was
dministered intraperitoneally at the highest dose (400 mg/kg).
hen administered in this way, EOHM also provided signiﬁcant
rotection of 83.0% for the gastric mucosa (data not shown).
.3.2. HCl/ethanol-induced gastric ulcer
The essential oil of Hyptis martiusii provided signiﬁcant gastricrotection against lesions induced by acidiﬁed ethanol, the results
howing that groups of animals pretreated orally with doses of
00, 200 and 400 mg/kg presented a percentage inhibition of 84.2,
8.5 and 92.2%, respectively, when compared to the control groupas  mean ± S.E.M. of 6 animals. *Statistically different from control group (ANOVA
followed by Tukey’s multiple comparison test, p < 0.05).
(187.8 ± 32.6 mm2). In the group treated with 40 mg of pantopra-
zole, a reduction of 48.2% in lesions was  observed (Fig. 2B).
3.3.3. Indomethacin-induced gastric ulcer
Indomethacin (30 mg/kg) produced a gastric lesions index of
4.2 ± 0.4, an ulcer index of 20.8 ± 3.3 and a total index of 25.0 ± 3.5
in the control group. Pretreatment of animals with the essential
oil of Hyptis martiusii at doses of 100, 200 and 400 mg/kg orally
1 h before subcutaneous administration of indomethacin, signiﬁ-
cantly reduced all indices as shown in Table 2. The 100 mg/kg dose
reduced the incidence of lesions, ulcers and total index by 85.7,
75.5 and 77.2%, the 200 mg/kg dose by 73.8, 80.3 and 79.2%, and
the 400 mg/kg dose by 88.1, 89.9 and 89.6%, respectively. Panto-
prazole reduced the index of injuries, ulcers and the total index by
57.1, 84.1 and 79.6%, respectively, when compared with the control
group.
3.3.4. Evaluation of the gastric secretion parameters – pylorus
ligature
After 4 h of pylorus ligature it was  observed that the essential oil
of Hyptis martiusii, when administered intraduodenally, decreased
the gastric volume secreted when compared the control group
(3.8 ± 0.2 mL)  at all doses. As for the pH of gastric juices, the doses
of 200 and 400 mg/kg increased pH by 26.1 and 34.7% respectively,
when compared to the control and reduced the total acidity (H+
concentration) of acid secretion by 59.1 and 67.7%, respectively.
Pantoprazole modiﬁed these three parameters, reducing the vol-
ume  and gastric acidity, while increasing the pH of gastric juices
(Table 3).
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Table  2
Effect of oral administration of essential oil of Hyptis martiusii (EOHM) on gastric lesions induced by indomethacin (30 mg/kg, s.c.) in male Wistar rats.
Treatment Dose (mg/kg) Lesion index Ulcer index Total index
Control – 4.2 ± 0.4 (–) 20.8 ± 3.3 (–) 25.0 ± 3.5 (–)
Pantoprazole 40 1.8 ± 0.2* (57.1%) 3.3 ± 1.9* (84.1%) 5.1 ± 2.0* (79.6%)
EOHM 100 0.6 ± 0.4* (85.7%) 5.1 ± 3.9* (75.5%) 5.7 ± 3.9* (77.2%)
200  1.1 ± 0.3* (73.8%) 4.1 ± 2.6* (80.3%) 5.2 ± 2.6* (79.2%)
400  0.5 ± 0.3* (88.1%) 2.1 ± 1.2* (89.9%) 2.6 ± 1.5* (89.6%)
Values represent the mean ± S.E.M. for 6 animals/group.
The values in parentheses represent the percentage of inhibition for each parameter observed.
*Statistically different from control group (ANOVA followed by Tukey’s multiple comparison test, p < 0.05).
Table 3
Effect of essential oil of Hyptis martiusii (EOHM), administered intraduodenally, on gastric secretion parameters in male Wistar rats subjected to pylorus ligature.
Treatment Dose (mg/kg) Gastric volume (mL) Gastric pH value Total acidity (mequiv.[H+]/mL/4 h)
Control – 3.8 ± 0.2 2.3 ± 0.1 9.3 ± 1.5
Pantoprazole 40 2.6 ± 0.2* 4.0 ± 0.1* 2.5 ± 0.5*
EOHM 100 2.9 ± 0.2* 2.8 ± 0.1 5.8 ± 0.8
200  2.7 ± 0.1* 2.9 ± 0.1* 3.8 ± 0.5*
400 2.5 ± 0.1* 3.1 ± 0.1* 3.0 ± 0.5*
Values represent the mean ± S.E.M. for 6 animals/group.
* Statistically different from control group (ANOVA followed by Tukey’s multiple compar
Fig. 3. Effect the essential oil of Hyptis martiusii (EOHM) on gastrointestinal motility
in  male Wistar rats. The animals received by oral route vehicle (C) and EOHM and
atropine, 3 mg/kg, s.c. (A). The results expressed as mean ± S.E.M. for 6 animals. The
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srdinates indicate the concentration of phenol red retained in the stomach (gastric
mptying) after 30 min  ingestion of the marker. *Statistically different from control
roup (ANOVA followed by Tukey’s multiple comparison test, p < 0.05).
.3.5. Gastric emptying
The concentration of phenol red present in the stomach
fter 30 min  of administration was 4.6 ± 1.2, 10.7 ± 1.7, and
1.6 ± 1.3 g/mL in animals treated with the essential oil of Hyptis
artiusii at doses of 100, 200 and 400 mg/kg, respectively. In the
nimals treated with atropine (3 mg/kg), the positive control, the
oncentration of phenol red increased to 11.8 ± 0.5 g/mL, com-
ared with animals treated with the vehicle (2.2 ± 0.8 g/mL), as
hown in Fig. 3. The results indicate that the animals treated with
oses of 200 and 400 mg/kg showed a reduction in the rate of gas-
ric emptying of 84.0 and 91.5%, while the gastric emptying rate for
he group treated with atropine was 93.2% when compared to the
ero time control.
.3.6. Intestinal transit
In the control group of animals receiving only the vehicle, the
ntestinal transit, measured as the distance traveled by phenol red
n relation to the total length of the small intestine, was 93.2 ± 1.9%.
n the animals treated with the essential oil of Hyptis martiusii at
oses of 100, 200 and 400 mg/kg had a percentage of 84.3 ± 2.5,
6.4 ± 4.4 and 76.2 ± 7.6%, respectively, indicating none of the doses
howed a signiﬁcant effect on intestinal transit when comparedison test, p < 0.05).
with the control group. However, the group treated with atropine
reduced the percentage of intestinal transit by 50.0 ± 6.8%.
4. Discussion
This study investigated the pharmacological activity of the
essential oil of dried leaves of Hyptis martiusii on gastric lesions
induced by different necrotizing agents, as well as acid secretion
parameters and gastrointestinal motility. This is the ﬁrst report
establishing the antiulcerogenic activity of the essential oil of this
species.
The results of the acute toxicity test indicated that the essential
oil of Hyptis martiusii when administered orally at a dose of 5.0 g/kg
caused a reversible sedative effect, but did not produce any sign
of toxicity or death in the treated animals, suggesting an LD50 of
above 5.0 g/kg. Kennedy et al. (1986) reported that substances that
present LD50 higher than 5.0 g/kg after oral administration can be
considered practically non-toxic and it can therefore be suggested
that acute toxicity for Hyptis martiusii essential oil is practically nil
when administered in this way.
The results obtained demonstrate that the essential oil of dried
leaves of Hyptis martiusii had gastroprotective effects on the various
models tested. Necrotizing agents such as ethanol and HCl induce
the formation of gastric mucosal injury; an effect that involves
depression of gastric defense mechanisms and gastric blood ﬂow
stasis (Andreo et al., 2006). In addition, ethanol releases free radi-
cals, increasing lipid peroxidation, decreasing production of gastric
mucus and inhibiting prostaglandins (Abdel-Salam et al., 2001).
In models of ethanol and HCl/ethanol-induced ulcer, Hyptis mar-
tiusii displayed a signiﬁcant gastroprotective dose-related effect
at all doses administered orally. A similar response was observed
when oil was administered intraperitoneally, which demonstrates
that the antiulcer activity is not only related to an effect of local
neutralization of stomach contents but is a systemic effect. These
results indicate that the essential oil exhibits efﬁcient cytopro-
tective activity and this probably acts to increase the protective
elements of the gastric mucosa, such as mucus and/or bicarbonate,
since it inhibited the formation of ulcerative lesions in both mod-
els. This hypothesis was corroborated by the action of the essential
oil of Hyptis martiusii obtained in the model involving induction of
gastric lesions by indomethacin.
It was  observed that the suppression of prostaglandin synthe-
sis induced by indomethacin caused an increased susceptibility to
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astric mucosal lesions, as veriﬁed in the control group. The essen-
ial oil of Hyptis martiusii signiﬁcantly reduced damage to mucosa
t all doses tested, when compared with the respective control,
emonstrating its gastroprotective properties and suggesting the
ossible involvement of prostaglandins and/or mucus in antiul-
erogenic activity.
In the pyloric ligature method, the digestive effect of accu-
ulated gastric juices and interference in gastric blood ﬂow are
esponsible for inducing ulceration (Patel et al., 2000). In this model,
reatment with the essential oil of Hyptis martiusii changed all gas-
ric secretion parameters, reduced the volume of gastric juices and
otal acidity, and increased gastric pH when compared with the
ontrol group. The results suggest that the pharmacological mech-
nism of the oil may  be related to antisecretory activity, via the
eceptor system or mediators of the parietal cell. It also once again
onﬁrms that the antiulcer activity of essential oil is related to a
ystemic effect, since the treatment was also effective when admin-
stered intraduodenally.
Gastric emptying disorders may  be associated with the patho-
hysiology of peptic ulcer diseases, gastroesophageal reﬂux disease
nd functional dyspepsia. It is known also that an increase in gas-
ric hypermotility plays an important role in the pathogenesis of
SAID-induced lesions (Takeuchi et al., 2001). The evaluation of the
ffects on gastrointestinal motility demonstrated that the essential
il of Hyptis martiusii interfered as well as the atropine, reducing the
ate of gastric emptying, but did not have an inﬂuence on intestinal
ransit at any of the three doses administered. In both experi-
ents, the emptying reduction and transit response obtained with
tropine, a muscarinic antagonist involved in decreasing antral con-
ractility and gastric emptying (Chiba et al., 2002), conﬁrm the
mportance of the cholinergic pathway for controlling the ﬂow from
he stomach to the duodenum. However, the inhibition of gastric
mptying and the absence of a change in transit observed in ani-
als treated with the essential oil may  be related to another gastric
ite mediator, in addition to muscarinic receptors.
The chemical composition of the Lamiaceae family, especially
he Hyptis genus, is remarkably variable, containing compounds
uch as terpenes, ﬂavonoids, lactones, lignans, phenolic deriva-
ives, steroids and others (Falcão and Menezes, 2003). Chemical
nalysis has revealed that the chemical composition of the essen-
ial oil of dried leaves consists of mono and sesquiterpenoids, its
ain constituents being bicyclogermacrene, trans-caryophyllene,
aryophyllene oxide, 1,8-cineole, -3-carene and ledene. Bio-
ogically, terpene compounds exhibit a variety of interesting
edicinal properties, including gastroprotective activity. The
otential antiulcerogenic of several terpenoids have been eval-
ated, including triterpene oleanolic acid (Astudillo et al., 2002)
nd acetyl-aleuritolic acid (Pertino et al., 2007), sesquiterpene
actone trans-crotonin (Hiruma-Lima et al., 2002), diterpene fer-
uginol (Rodriguez et al., 2006), and monoterpene limonene and
,8-cineole (Santos and Rao, 2001; Moraes et al., 2009). Some stud-
es have pointed out that the gastroprotective activity of terpenoids
ay  particularly involve reinforcement of defensive factors of the
astric mucosa (Ishikawa et al., 2008).
According to pharmacological studies, two species of Hyptis
enus, Hyptis mutabilis and Hyptis spicigera, show gastroprotective
ctivity related to terpene compounds. The essential oil obtained
rom leaves of Hyptis mutabilis reduced gastric lesions induced by
ndomethacin in a dose-dependent fashion, and the caryophyllene,
n sesquiterpene present in this oil, also showed a similar response,
uggesting that this compound would be responsible for the effect
bserved (Barbosa and Ramos, 1992). Takayama et al. (2011) ver-
ﬁed that the essential oil from the aerial parts of Hyptis spicigera
xerted gastroprotective effect in models ulcer-induced by NSAID
nd ethanol. Thus, it is possible that the antiulcerogenic activity
bserved in this study could be related to the presence of the ter-rmacology 137 (2011) 886– 892 891
pene compounds present in the essential oil of the leaves of Hyptis
martiusii; however we  cannot afﬁrm that the activity observed is
limited only to this class of compounds. Other non-volatile com-
ponents present in the leaves may  also be involved, since in folk
medicine the leaves of Hyptis martiusii species are used in folk
medicine in the treatment of intestinal diseases and stomach in
the form of decoction or infusion.
The activities proved in this study contribute to chemical, phar-
macological and toxicological knowledge of little-studied species
such as Hyptis martiusii. In conclusion, the results indicate that the
essential oil of leaves of Hyptis martiusii has an antiulcerogenic
activity, as evidenced by its signiﬁcant inhibition of the forma-
tion of ulcers in various models. This effect could be related to an
increase of gastric mucosal defensive factors. Further pharmacolog-
ical studies are being undertaken in order to provide more precise
elucidation of the action mechanism involved in this activity.
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